Traditionally, low thrust rocket designers have used the same prediction methodology in their design process as for larger rockets. This approach leads to inaccurate predictions when applied to certain low thrust rockets.
For example, there was an approximate ten percent overprediction of specific impulse for gaseous H/O, 110-220 N rockets with fuel film cooling, 3'4 the specific causes of which were not identified.
In order to improve the design process of small rockets, experimental efforts combined with numerical analyses are underway to study the effects of where optical access allows it to be applied. Unique to this system is the application of optical fibers for access to the fiowfield in conjunction with high power pulsed lasers (1 Joule/pulse). The reason for using these fibers and their advantage will be discussed. As Data Acquisition and proce,ssine.
As mentioned in the rocket facility description, each test run of the research rocket is limited to 30 seconds.
With a laser pulse frequency of 10 Hz this means that 300 pulsed measurements are taken for each test run.
Each scattered pulse is processed separately by the boxcar averager. Accordingly, the scattered intensity is To measure hydrogen and water number densities and temperature one would ideally calibrate in situ with a cell of known hydrogen concentration and temperature. Since this is not available, measurements of hydrogen and water involves an additional correction. The instrument function of the spectrometer and the quantum efficiency of the photomultiplier tube have to be determined for the spectral range of interest. The reference spectrum from which calibration factors are obtained for these measurements is the ambient nitrogen Q-branch.
The nitrogen number density in ambient air is high (2 x 10_9/cm _) and is concentrated in the vibrational groundstate, giving a strong signal.
A radial traverse at 10 mm downstream of the exit plane measuring temperature and oxygen number density was completed.
Curve fits with high accuracy were obtained in the core region where relatively high number densities were found. However, it was difficult to extract the temperature and species density at a radius of 7.5 nun. The curve fit routine did not converge due to the low signal to noise level in the spectrum of this low O2 number density flow. Furthermore, at this location, a second spectral band started to appear at 8 nm below the oxygen line which interfered with the curve fit. A manual curve fit procedure was used to fit the spectrum in this case.
However, this resulted in less accuracy. Since no oxygen was found at radial distances of 10 mm or greater, the temperature could not be determined from The measured 0 z number density profile at the z= 10 mm plane is shown in Fig. 8 . to the predicted number density profile at z= 10 nun downstream.
The slower expansion in the experimental configuration than in the numerical analysis is a likely contributor.
Discussion
As actual experimental core flow inlet conditions are unknown for input to the calculation domain and the splitter plate recirculation zone has not been modeled, it is probable that the small increase in experimentally measured temperature with increasing radius is caused by the secondary combustion in the reacting shear layer rather than a weak compression wave. Previously described facility effects limit expansion downstream of the exit plane and, as a result, the region of increased temperature should diverge less than predicted from the centerline.
To establish whether the facility geometry has an effect on the measured profiles, the calculated temperature profile at the exit plane, z= 0 ram, is also plotted in Fig. 6 (dashed line) . This exit temperature profile was much less dependent on facility effects. A distinct sharp peak off the centerline can be seen, caused by the way that the code models the reaction in the mixing The curve fit for the oxygen spectrum is dominated by the vibrational structure.
Therefore one can assume that the temperature measured is the vibrational temperature.
Thus an inherent assumption of the technique is that vibrational and rotational temperatures are equal. To verify the validity of this assumption it is necessary to estimate the relaxation times associated with translation, rotation, and vibration. Since the core is oxygen rich, the dominant collision partner was assumed to be oxygen and collisions with water and minor species were neglected. The measured oxygen partial pressure on the centerline was 45 kPa. This is the total pressure, assuming oxygen was the only species present. Since the temperature measured is the vibrational temperature, and it takes the vibrational energy much longer to equilibrate than translation and rotation, the temperatures measured here are higher than the total gas temperature at this location. This is a contributor to the discrepancy between experimental and numerical results. To obtain a quantitative estimate of the difference between vibrational temperature and flow temperature it would be necessary to follow the gas volume that passes through the probe volume from upstream of the throat up until it reaches the probe volume and to study its evolution.
The discrepancy in measured and predicted oxygen number density and its radial gradient at the z= 10 mm plane is likely due to several effects which concur with the discussion of the temperature measurements above.
The core flow inlet boundary conditions were unknown for input to the calculation domain and any lack of mixing in the core would result in an increase in 0 2 number density over that predicted. The splitter plate recirculation zone, which was not modeled, would experimentally cause mixing between the core flow and film, consuming more O 2 m the shear layer than predicted. Facility back pressure effects limit expansion downstream of the exit plane and as a result the O2 concentration diverges less than predicted from the centerline. 
Concludirm Remarks
Raman spectroscopy has been successfully Av_endix
A: Raman Scatterinf Theory
When light passes through a molecule, its oscillating electric field vector will interfere with the molecular energy field by disturbing the motion of charged particles within the molecule.
As a result, the molecular energy field is distorted and the vibrational motion of the nuclei with respect to the molecular center of gravity is affected. Similarly, due to a change in the moment of inertia, the molecular rotational motion is affected.
The external electric field creates a dipole moment inside the molecule by polarizing the charged particles. The species number density in the initial state for a mixture in thermodynamic equilibrium is given by the Boltznmnn distribution as: l) __, ej.,,, where N is the total number of the species, g, is the The functional dependence of the differential scattering cross section on these parameters is given by: do_ .. sj. 0,+1)
(,4-4)
Measured absolute values of the differential scattering cross section for common species can be found in literature 27 but have to be applied with care since they are commonly determined for a certain incident and scatttered polarization. Depolarization ratios are needed to correct for different geometrical experimental setups and different polarizations. 4  /   ,,,.-, ---(v,--v,.,) where u_. is the laser frequency, Vxs is the Raman shift, which is characteristic for each species and represents the energy difference between the initial and final energy states and o?_.n, is the matrix element of the derived polarizability tensor, which describes the change in polarizability as the consequence of the 
27.nJ

